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s/ T X0

r(t) = bysy(t) + basa(t)

Key Idea: Signature waveforms are orthogonal over [0, T
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Outline CDMA System

Near Far Problem
Mathematical Model

Bit Waveform Matched Filter

Near Far Problem
e Same Received Signal Strength

e Different Transmitted Power
e Users near the base station face large MUI
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Outline CDMA System

Near Far Problem
Mathematical Model

Bit Waveform Matched Filter

Near Far Problem
e Same Received Signal Strength

e Different Transmitted Power
e Users near the base station face large MUI

Near Far Resistance
The ability to reject structured interference.
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CDMA System
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Notation
K Number of users

M Number of bits to be transmitted
N Number of chips per bit (processing gain)

Signal Space Representation

K M
(Received Signal) r(t) = ZAK Z bk (i)sk(t —iT — 7k) + n(t)
k=1 =1

N—-1
(Sig Waveform) s (t) = Z ﬁjkw(t —ijT)
j=0
(MF O/P) y =PBub +n
(Estimate) b= Ty

v
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MMSE Receiver

MMSE Receiver
A mapping T : RMK x RMK 50 as to minimize E[(b — b)) (b — b)]
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Suboptimal Receiver

MMSE Receiver

MMSE Receiver
A mapping T : RMK x RMK 50 as to minimize E[(b — b)) (b — b)]

Computation Complexity

e To detect MK transmitted bits requires 3MK 2 multiplications.
e Thus complexity of detector is 3K multiplications/bit
e Complexity Linear in K and independent of M

Aditya Mahajan, Ravi Agarwal Suboptimal Receivers in COMA




MMSE Receiver

Linear Equalizer
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Results

Suboptimal Receiver

MMSE Receiver

MMSE Receiver

e The receiver operates on the entire sequence at once.
e Large M implies unacceptable detection delay.
@ A suboptimal scheme needed to ensure finite detection delay
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Linear Equalizer

MMSE detection problem, with a constraint that the detection delay,
Jisfinite. J <M

(Edge Effects) Yy = B2341b +n + Pz
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Suboptimal Receiver

Linear Equalizer

Constraint
MMSE detection problem, with a constraint that the detection delay,
Jisfinite. J <M

(Edge Effects) Yy = B2341b +n + Pz

v
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T A (81 + 2Basss +PPT
= 2341 2 2J+1

A=[0,---,0,H(1),H(0),H(1)7,0,---,0]
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WLS Detector

Minimizing the likelihood function f(y |b) by a linear operator. This
is equivalent to minimizing

Q= (y — Bwb) By (y — Bub)
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Suboptimal Receiver

WLS Detector

Minimizing the likelihood function f(y |b) by a linear operator. This
is equivalent to minimizing

Q= (y — Bwb) By (y — Bub) |

The vector that minimizes the above equation is given by

b = Byty

\,
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Suboptimal Receiver

Conclusion

Probability of Bit Error vs SNR
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Probability of Bit Error vs Interfering User Power
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Conclusion

e Linear Suboptimal Receivers eliminate the Near-Far Problem J
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Suboptimal Receiver

Conclusion

e Linear Suboptimal Receivers eliminate the Near-Far Problem J

@ Assumes that the signature waveform and bit timing of all the
other users is known

e Finding this information from training sequences not feasible
due to the temporal nature of the channel
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Conclusion

Suboptimal Receiver

Conclusion

e Linear Suboptimal Receivers eliminate the Near-Far Problem J

@ Assumes that the signature waveform and bit timing of all the
other users is known

e Finding this information from training sequences not feasible
due to the temporal nature of the channel

e Blind Adaptive Equalization needed
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Subspace Concept

K
(Chip MF O/P) =Y Adysk +on
k=1
Let, S =[s1,S2,-++ , k]
A = diag(A?,--- ,AR)
(autocorrelation) CL2E{rr"} =SAST +o%ly

(Eigen Value Decomposition)
C=UAU" = [Us U] e Us.
S n /\n UnT
SAST = Ug(As — 02l )Us "
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Subspace Based Detectors

WLS Receiver MMSE Receiver
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Subspace Based Detectors

WLS Receiver | MMSE Receiver :
N _
T :ﬁ,\;lr T = <6M+20|>
Decorrelating Receiver Linear MMSE Recoivor
K
T = Z[ST S]Iklsk arg min [E{(Albl _ TTI’)Z}]
K=1 TTs1=1

_ Us(As — o?lk) MUl sg
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p1 = Us"s; y =Us's;
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Blind Estimation

Autocorrelation Matrix |

@ Need to estimate C to find its eigenvalues.

@ Can be estimated blindly

e batch eigenvalue decomposition
e recursive adaptive schemes

@ Almost sure convergence

e Low computational complexity

@ Rank tracking capabilities
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